Bipolar disorder is a severe mental disorder that affects aspects of an individual's behavior and function. [1] [2] [3] The chronicity of illness has long been associated with considerable global impairment and varied symptomatology. on distinguishing characteristics between BP-I and BP-II individuals has found no differences in temperament or personality. 6,7 However, controversy remains regarding whether they differ only in severity of manic-side episodes or they also differ in etiology.
INTRODUCTION
(ADHD). 15, 16 Despite clinical implications, few previous studies have evaluated psychopathology or clinical manifestations in offspring of parents with BP. Moreover, most previous studies have demonstrated psychopathology among offspring of parents with BP without considering bipolar subtypes. To our knowledge, there have been no studies which compare differences in psychopathology or clinical features between offspring of parents with BP-I and those with BP-II.
This study evaluated child and adolescent offspring of bipolar parents to further examine the presence of psychopathology in this population. Lifetime DSM-5 17 diagnoses and severity of mood symptoms as well as demographic characteristics, clinical characteristics, and family psychiatric history were examined. We used a relatively large clinical sample to investigate differences in these trait characteristics between offspring of parents with BP-I and those with BP-II.
METHODS

Subjects
The sample included 201 children and adolescents between 6 and 17 years of age who had at least one parent with DSM-5 BP-I or BP-II. All subjects of this study were enrolled between August 2017 and July 2018. Parents and their offspring were recruited from inpatient and outpatient units of Soonchunhyang University Hospital at Cheonan, Korea. In all families, the bipolar parent as the informant of this study was an outpatient at the time of enrollment and was euthymic at the time of assessments.
Exclusion criteria for offspring included the presence of neurological disorders, history of head injury with loss of consciousness, a family history of hereditary neurologic disorder, or any current, serious medical problems.
Informed consent was obtained from the parents or legal guardians and assent from the children and adolescent subjects in the study after an explanation of this study. This study was approved by the Institutional Review Board of Soonchunhyang University Hospital in Cheonan (IRB No. 2017-05-027).
Instruments and procedures
To ascertain socio-demographic characteristics and psychiatric family history, a detailed interview form was prepared by researchers. The offspring were diagnostically evaluated using Korean Kiddie-Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version (K-SADS-PL-K). 18, 19 K-SADS-PL-K was performed independently on both offspring and parents by a trained psychiatrist. K-SADS-PL-K is a semi-structured diagnostic interview. It was used to assess lifetime history of psychiatric disorder and confirm their diagnoses. In cases of disagreement between child and parent about the presence of a symptom, greater weight was given to parents' reports of observed behavior and children's reports of subjective experiences. 20 To improve diagnostic accuracy, additional scales including Korean version of Mood Disorder Questionnaire Adolescent version (K-MDQ-A), 21, 22 Korean version of Parent-General Behavior Inventory 10-item Manic Scale (K-P-GBI-10M) 23, 24 for BP, and Korean ADHD Rating Scale (K-ARS) 25, 26 for ADHD were applied. K-MDQ-A is a self-report of manic symptoms for adolescent. K-MDQ-A yielded a score for each adolescent ranging from 0 to 13. It was completed by parents about adolescent's symptoms. It demonstrated good sensitivity and specificity (0.72 and 0.81, respectively) at a cut-score of 5. 21, 22 K-P-GBI-10M is a 10-item parent-report instrument ranging from 0 to 30, with higher score indicating greater severity. It was completed by parents to screen for elevated symptoms of mania. 23, 24 K-ARS is used to identify the presence of ADHD and its subtype (inattention or hyperactive). K-ARS has 18 questions, of which 9 items are related to symptoms of inattention while the other 9 items are related to symptoms of hyperactivity and impulsivity as a self-report assessment. 25, 26 All diagnoses were made using DSM-5 criteria. The interviewer was not blinded to the status of parents. DSM-5 diagnoses were confirmed based on consensus review by a board-certified child psychiatrist (SHS).
Offspring's subjective perception of anxiety was assessed by self-report using the Korean version of Revised Children's Manifest Anxiety Scale (K-RCMAS). 16, 27, 28 K-RCMAS consists of 37 questions to assesses both the degree and quality of anxiety experienced by children and adolescents. It provides a global summary score as well as three sub-scores in areas of psychological anxiety (including 10 items), worry/oversensitivity (including 11 items), social concerns/concentration (including 7 items), and a lie scale. An overall cut-off point of 19 out of 28 can be used to identify children experiencing clinically significant levels of anxiety. 16, 27, 28 Offspring were subjected to Korean Children' s Depression Inventory (K-CDI), 29, 30 a 27-item multiple choice questionnaire for measuring the severity of depression. K-CDI scores of >13 are conventionally considered a clinically meaningful cut-off score to identify significant depressive symptomatology. 29, 30 Childhood trauma history was obtained using the Korean childhood trauma questionnaire (K-CTQ) 31 ,32 consisting of 28 items for a self-report inventory. K-CTQ measures the severity of different types of childhood trauma, including emotional abuse, physical abuse, sexual abuse, emotional neglect, and physical neglect. Each subscale score ranges from 5 (no history of abuse or neglect) to 25 (very extreme history of abuse and neglect).
31,32
Analyses
First, socio-demographic information of parents was compared between BP-I and BP-II. Second, socio-demographic information, lifetime DSM-5 diagnoses, and clinical characteristics of offspring were compared between offspring of parents with BP-I and those with BP-II. Lifetime DSM-5 diagnoses were also compared between schoolchildren group aged 6 to 11 years and adolescent group aged 12 to 17 years. To describe differences in psychiatric disorders between offspring of parents with BP-I and those with BP-II, two age groups were considered.
Comparison of socio-demographic and clinical variables between offspring of parents with BP-I and those with BP-II was performed by chi-square or Fisher' s exact test for categorical data and t-test for continuous variables with approximately normal distribution. For continuous variables violating normal distribution, Mann-Whitney U test was applied. A twotailed significance level was used at p<0.05, not adjusted for multiple comparisons. For relatedness of parental bipolar subtypes, we used logistic regression models to estimate ORs with its respective 95% confidence interval (95% CI). Age, Sex and K-CTQ score of offspring were used as covariant variables in this analysis. The odds of psychiatric disorders in offspring of parents with BP-I was compared with the odds of psychiatric disorders in offspring of parents with BP-II. All statistical analyses were performed using SPSS 21 (IBM Corp., Armonk, NY, USA).
RESULTS
Socio-demographic characteristics: parents with BP-I vs. BP-II
Characteristics of parents with BP-I and BP-II are summarized in Table 1 . There were 65 parents with BP-I and 71 parents with BP-II. Of these participants, 60% of parents with BP-I and 42.3% of parents with BP-II were females. Parents with BP-I were significantly younger with slightly lower SES than parents with BP-II, although these groups did not significantly differ in educational level. Parents with BP-I had lower age at onset than parents with BP-II. However, parents with BP-I and those with BP-II did not differ in sex, occupation, or number of children.
Socio-demographic and clinical characteristics: offspring of parents with BP-I vs. BP-II
Ninety-nine offspring of parents with BP-I and 102 offspring of parents with BP-II were recruited. No families were rejected if one of the children refused to participate. Table 2 shows comparison of socio-demographic and clinical characteristics in offspring of parents with BP. Offspring of parents with BP-I were younger than offspring of parents with BP-II (p=0.006). There was no significant difference in gender between the two groups. There were no significant differences in K-MDQ-A, K-ARS-hyperactivity, K-CDI, K-RC-MAS, or K-P-GBI-10M score between offspring of parents with BP-I and those with BP-II.
Overall K-ARS score was significantly higher in offspring of parents with BP-I than that in offspring of parents with BP-II (p=0.034). Offspring of parents with BP-I had significantly higher scores in overall K-CTQ scale and specific types of abuse scale (K-CTQ emotional abuse, emotional neglect and physical neglect sub-scales) than offspring of parents with BP-II (p=0.004, p=0.041, p=0.032, and p=0.003, respectively). There were no differences in physical abuse or sexual abuse sub-scale between offspring of parents with BP-I and those with BP-II ( Table 2) . 
Differences in DSM-5 Primary and Comorbid diagnoses between Offspring of parents with BP-I and BP-II
As shown in Table 3 , 67 offspring of parents with BP-I (67.7%) and 64 offspring of parents with BP-II (62.7%) had at least one psychiatric disorder. Offspring of parents with BP-I had 2.31-fold increased risk of developing MDD (95% CI: 1.11-4.84, p=0.024) and 4.13-fold increased risk of developing BP-I (95% CI: 1.12-15.27, p=0.027) than offspring of parents with BP-II. Offspring of parents with BP-II had higher rate of BP-II, although this difference did not reach statistical significance (p=0.056).
Among 67 offspring of parents with BP-I, 33 had any depressive disorder and 17 had any bipolar disorder. Six off- spring of parents with BP-I had depressive disorder not otherwise specified, 2 had dysthymia, and 1 had bipolar disorder not otherwise specified. Among the 64 offspring of parents with BP-II, 25 had any depressive disorder, 18 had any bipolar disorder, 1 had dysthymia, and 2 had bipolar disorder not otherwise specified.
Regarding non-mood disorders, offspring of parents with BP-I had higher rate of anxiety disorder, attention deficit-hyperactive disorder, and disruptive behavior disorder, although these differences did not reach statistical significance (p= 0.256, p=0.549, p=0.766, respectively).
Among offspring of parents with BP-I, 37 of the offspring with affective disorder had at least one comorbid disorder and 4 of them had two comorbid disorders. Among offspring of parents with BP-II, 27 of the offspring with affective disorder had at least one comorbid disorder and 6 of them had two comorbid disorders.
Differences in DSM-5 Primary and Comorbid diagnoses between schoolchildren and adolescents
In the analysis by age group (Table 4) , schoolchildren aged 6 to 11 years had 4.35-fold increased risk of developing separation anxiety disorder (95% CI: 1.32-14.37, p=0.010). There were no significant differences in prevalence of psychiatric disorder except separation anxiety disorder between schoolchildren and adolescents. 
Differences in DSM-5 Primary and Comorbid diagnoses between Offspring of parents with BP-I and those with BP-II in different age groups
As shown in Table 5 , there was no significant difference in prevalence of psychiatric disorder between offspring of parents with BP-I and those with BP-II in schoolchildren group. However, there were significant differences in prevalence of MDD, BP-I, and BP-II between offspring of parents with BP-I and those with BP-II in the adolescent group. Offspring of parents with BP-I had 2.63-fold increased risk of developing MDD (95% CI: 1.17-5.90, p=0.017) and 4.29-fold increased risk of developing BP-I (95% CI: 1.11-16.54, p=0.033) than offspring of parents with BP-II while offspring of parents with BP-II had significantly higher frequencies of BP-II than offspring of parents with BP-I (p=0.043). 
DISCUSSION
This study aims to examine the presence of psychopathology for offspring of parents with BP-I and those with BP-II. To our knowledge, this is the first study to compare psychiatric prevalence and clinical features in the offspring of parents with BP-I and those with BP-II and assess their potential as- Schoolchildren: aged 6 to 11 years, Adolescents: aged 12 to 17 years. *significance at p<0.05. † Adolescents were the referent group. Sex and K-CTQ score of offspring were used as covariant variables in this analysis. NOS: not otherwise specified, BP-I: bipolar I disorder, BP-II: bipolar II disorder, BP: bipolar disorder, ADHD: attention deficit hyperactive disorder, OR: odds ratio sociation with psychopathology risk and adjustment in both groups. We found that offspring of parents with BP-I and those with BP-II showed different psychopathology and clinical manifestation. Among these offspring, 67.7% offspring of parents with BP-I and 62.7% offspring of parents with BP-II received at least one psychiatric diagnosis, similar to rates reported in prior bipolar offspring studies. 33, 34 One of these prevalence studies has demonstrated high rates (71%) of psychiatric disorders in children and adolescent aged 6 to 17 years with at least one parent diagnosed with BP-I. 33 Another study has also reported that 71.4% offspring of bipolar parents (type I and II combined) have at least one psychiatric disorder. 34 Results of this study are slightly higher than the rate (52%) found in a meta-analysis. 13 Because of methodological differences in dividing subtypes of BP in this study, we had difficulties comparing our results with previous studies.
This study showed that offspring of parents with BP-I had higher score of overall K-CTQ and sub-scores of emotional abuse, emotional neglect, and physical neglect than offspring of parents with BP-II. This result means that offspring of parents with BP-I might have experienced more stressful events than offspring of parents with BP-II. Previous studies have suggested that childhood trauma such as abuse and neglect is associated with increased risk of developing offspring' s psychiatric disorder. 35, 36 Bipolar offspring often have exposure to significant environmental stressors. For example, those who have a parent with BP may be prone to mood episodes, substance abuse, and hospitalizations. 37, 38 Parents' dysfunctional behaviors can lead to child neglect or maltreatment. 39 Because the severity of psychiatric symptom is correlated with impairment, offspring of parents with BP-I might be more exposed to environmental stressors than offspring of parents with BP-II. 3 Further studies are needed to confirm these results. Results from the present study suggest that the offspring of parents with BP-I compared to offspring of parents with BP-II have significantly higher prevalence of BP-I (11.1% vs. 2.9%) and MDD (25.3% vs. 12.7%). These results were comparable to those of previous studies. 8, 40 We found that the offspring of parents with BP-I were themselves at significantly higher risk for BP-I, with a morbidity risk of 13.8% by age 17. These findings are similar to those of other studies (20.7%), supporting the hypothesis that relatives of probands BP-I have increased risk of suffering BP-I. 41 In early controlled studies, the risk for BP-I was reported to be in the range of 0% to 5%. 42 This prevalence rate resembles that observed in recent, uncontrolled, high-risk studies of children in middle childhood or early adolescence. 43, 44 The present study showed that the offspring of parents with BP-I had significantly higher rates of BP-I. And offspring of parents with BP-II had significantly higher rates of BP-II in adolescents, although this difference did not reach statistical significance in entire age group. The etiology and clinical course of BP are considered to be determined by genetic and environmental factors. 45 Although there are many similarities between BP-I and BP-II in symptom profiles, this study supports that these two subtypes might have different genetic transmission. Further study is needed to test this possibility.
The prevalence of depressive disorder in this study that compared between offspring of parents with BP-I and those with BP-II was similar to previous reports of high-risk studies. 13, 42 In contrast, rate of depression was higher in adolescents 12 to 17 years old than that in children under 12 years. Moreover, previous longitudinal high-risk studies have demonstrated that the first manic episode is generally preceded by depressive symptoms. 20 These results suggest that some subjects in this study who presented with MDD might meet the criteria for BP in the future.
In the present study, offspring of parents with BP-II compared to offspring of parents with BP-I had higher rate of prevalence in BP-II (12.7%). This finding is similar to those of other studies on familial transmission of BP. 8, 10 One of these studies has reported that familial transmission within each subtype is stronger than cross-subtype for each first-degree relative. 10 Interestingly, in our adolescent group, offspring of parents with BP-I had higher rate of prevalence of BP-I (13.8%) than offspring of parents with BP-II (3.6%). Offspring of parents with BP-II also had higher rate of prevalence in BP-II (10.8%) than offspring of parents with BP-I (1.5%) in the adolescent group whereas there is no significant difference in prevalence of BP-II between overall offspring groups. Regarding later onset age of BP-II, this result may be plausible. Additionally, this result supports previous studies suggesting that BP-I may be etiologically distinct from BP-II by a genetic liability, although it remains controversial. 10, 11, 46 Previous epidemiologic studies that could provide more detailed information on BP subtypes in relatives have suggested some degree of distinction between BP-I and BP-II, with relatives of BP-II probands more likely to suffer from the same BP subtype than developing BP-I. 8, 9, 12 However, previous studies targeted relatives of patients with BP, not their offspring. They focused on clinical manifestation of bipolar subtypes, not the prevalence. 12 This study was of academic and clinical value considering the offspring as study subject.
Regarding the distinctive nature of bipolar subtypes, several previous studies have suggested that BP-II can be phenomenologically and biologically distinguished from BP-I. In view of phenomenology, one prior report has commented that BP-I shows more extensive manic symptom whereas BP-II has more serious and complicated natures in terms of clinical course, symptomatology of episodes, and comorbidity of psychiatric disorders. 12 Moreover, in a previous genome-wide association study on 6,447 BP cases, there are significant differences in SNP heritability and genetic correlation estimations between BP-I and BP-II. 11 Previous imaging study has investigated structural brain abnormalities in BP-II and reported that BP-II compared to BP-I has different pattern of gray matter abnormalities in the frontal, temporal, and parietal regions. 47 The present study was the first evaluation of the pathology of offspring separated by bipolar subtypes. Further replicated study is needed to confirm the above suggestions.
Meanwhile, in this study, ADHD, anxiety, and disruptive behavior disorders were similar to other studies that reported high prevalence of psychopathology in high-risk group. 41, 44, 48 ADHD and anxiety disorders are also highly comorbid with mood disorders in offspring of bipolar parents in previous studies, 44, 49 in line with results of the present study. These findings support that comorbidity with ADHD in offspring of parents with BP may be a marker of increased vulnerability to BP. 50 Interestingly, overall K-ARS score was significantly higher in offspring of parents with BP-I than that in offspring of parents with BP-II in this study. Because offspring of parents with BP-I are younger than those with BP-II, it may have affected K-ARS score. Although we couldn't exclude the influence of offspring's age in K-ARS score, we did not find any association between offspring's age and K-ARS score in comparison of schoolchildren and adolescent. This result is consistent with a previous study reporting that patients with lifetime ADHD are more likely to be diagnosed as BP-I (82.8%), but less likely to be diagnosed as BP-II (13.8%). 51 Because ADHD and mania share diagnostic criteria, ADHD have a risk of over-diagnosis. However, several studies have shown that most children with combined condition continued to meet criteria of both mania and ADHD after removing overlapping symptoms. 52, 53 These results indicate that comorbidity with ADHD and BP is not a methodological artifact due to diagnostic criteria shared by two disorders.
The analysis of psychiatric disorders by age group-schoolchildren (6-11 years) and adolescents (12-17 years)-showed statistically significant difference in separation anxiety disorder (SAD) in schoolchildren. This result reflects higher prevalence of SAD in schoolchildren age. 54 The present study showed that the offspring of parents with BP-I had significantly higher rates of BP-I and offspring of parents with BP-II had significantly higher rates of BP-II in adolescents. But these results were not found in schoolchildren. It might be because schoolchildren have not reached the age of the highest risk to develop BP and MDD.
This study has some limitations. First, our study was limited by a cross-sectional approach to define the presence of symptoms and diagnoses. Thus, studies with longitudinal outcome analyses are needed in the future. Second, despite the adequate overall sample size, some subgroups with low prevalence had relatively low numbers of individuals, limiting interpretation of such findings. Moreover, the composition of our sample had important potential biases, limiting the generalizability of our findings in relatively affluent, referred for treatment in university hospital. Information related to the course of illness and previous treatment was elicited retrospectively. Recall bias is also possible. Especially, age difference between BP-I and BP-II family may have affected recall bias. Furthermore, as noted in the methods section, parent's clinical variables such as number of episodes, number of hospitalizations and age of onset were not assessed. Additionally, the parental age was not considered as a covariate in the analysis. Finally, because most children have not reached the age of the highest risk to develop BP, the rate of BP in these children is likely to continue to increase with further follow-up.
Despite these limitations, our study was in line with recent high-risk population studies for BP and showed some evidences for establishing bipolar offspring as a high-risk cohort. Moreover, this is the first study to evaluate differences between offspring of patients with BP-I and those with BP-II. It has clinical implications as an initial attempt to evaluate the distinction of bipolar subtypes. It also provides implications for future research.
In conclusion, data from our study suggest that BP-II may not simply represent a milder form of BP-I. Our findings indicate that additional research related to offspring of parents with BP is needed to enhance our understanding of multiple dimensional differences between BP-I and BP-II. Our findings also underscore the importance of considering the developmental level of offspring in high-risk studies when examining the risk for psychopathology.
